During recent years radiation has become one of the most effective tools of modern industry. As is often the case with new materials or processes, the acceptability of this new tool is dependent, to a considerable extent, on the hazards involved in its use. Radiation is not the first industrial tool to require a special study of its hazards. Over the years, industry has had to devise protective measures for working with flammables, explosives, toxic materials, and hazardous substances and processes of all types. Although the industrial use of radiation has introduced some new and different problems, industry has been able to develop practical methods and equipment for controlling the hazards. The intelligent application of the recognized 10 principles of radiation protection can make radiation quite acceptable as an industrial tool.
Industrial Use of Radiation
The use of radiation by industry has been growing at a rapid pace, particularly during the last five or six years. According to a report issued by the AEC at the end of 1957, more than 1300 industrial organizations now have licenses for the use of AEC-supplied radioisotopes in more than 1800 locations throughout the United States. The geographical distribution of these locations is shown in Figure 1 . In addition to these licensed facilities, it is estimated that another 1500 to 2000 industrial installations are using radiation sources and generating machines which are not under the control of the AEC. The thousands of companies engaged in this radiation work cover almost every type of manufacturing business and a variety of non-manufacturing operations as well. Their applications of radiation are extremely diverse ranging all the way from simple analytical studies to the large scale inspection and irradiation of materials.
Many of the benefits of using radiation industrially are quite tangible ones, including the following 1. Development of new productsradioactive bat t e r i e s, light sources, glow switches, luminescent signs and markers. 
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longer-lasting luminous dials in variety of colors possible by using different radioactive materials; better components through wear corrosion, diffusion studies; better grade plastic (irrathene) by irradiation.
3. Improved operating techniquesstatic elimination, oil well logging, sterilization of medical supplies.
Automation of manufacturing
processes-centering of wire in cable, elimination of splices from electric blankets, regulation of product dimensions.
5.
Improved process and quality control-thickness, density, level gauging, activation analysis, leak detection, radiography.
It is difficult to affix a dollar value to even these tangible benefits of using radiation, but some well-informed persons in the field put the figure for all of industry as high as a half-billion dollars a year. Certainly it is not unusual for a manufacturing plant to save $50,000 or $100,000 annually by using radiation in a single routine operation. With such large financial gains possible, industry has an obvious incentive to continue to use radiation and to develop new applications of its use. However, industry must recognize the fact that its continued use of radiation will depend on the effectiveness of the procedures it enforces to control the hazards involved.
The Radiation Safety Record to Date
The best available data on radiation injuries is that compiled for the various facilities owned by AEC. These reports show that during the 12-year period from 1945 to 1957 there were only two deaths and 16 injuries attributable to radiation in a total of about 200,000 workers who accumulated 2% billion manhours of work. On this basis the frequency rate of radiation injuries has been only 0.007 per million manhours. The overall injury frequency rates in the AEC have also been among the lowest in American industry. For example, in fiscal year 1957 the frequency rate for lost-time injuries was 1.86 per million manhours. As a comparison, the National Safety Council statistics for 41 industries show a 1956 low of 0.99 for the communications industry and a second low of 1.92 for the aircraft manufacturing industry.
Little statistical data is available for radiation work outside AEC facilities, but it is generally agreed that the injury frequency rate is very low indeed. Unfortunately, it is difficult to make a valid appraisal of the industrial radiation safety record for the following several reasons:
1. There are few good records to show how many people are engaged in radiation work. This is complicated by the fact that "radiation work" is not uniformly defined.
2. Radiation exposure records, if available at all, are often inadequate.
3. Only serious radiation injuries can be identified positively.
4. The injurious effects of radiation may not show up until long after the exposure.
5.
It is not possible, with existing recording procedures, to establish whether a radiation injury was caused by industrial or medical exposure.
Industry has recognized these problems of evaluating its radiation safety program in' terms of injury statistics and has therefore developed and applied more stringent control methods and procedures than has normally
The mere adoption of a law or performance code will not, in itself, provide protection to any individual or group. At best such regulations can set only minimum standards and proper enforcement of these may be a burden to the taxpayer. There is no question that some regulatory action is necessary, .but this does not relieve industry of its basic responsibility to operate its plants in conformance to the best known practices for safety.
been done for other types of hazards. The long-term effects of radiation exposure have been given particular attention and operating limits take this factor into account. Most reliable industrial concerns have also developed operating methods and performance tests which measure the radiation safety programs for their workers, and the customers and general public as well. A few accidents have occurred from time to time and the publicity given them has tended to alarm the general public unduly. I believe that if good statistical data were available it would be convincing evidence that radiation is and can continue to be a well-managed industrial tool. Industry must make sure that there is no relaxation of the generally good practices which are now
In use.
Responsibilities of Industry in Radiation Work
The basic principles of radiation protection have been consolidated by the National Committee on Radiation Protection and Measurement in a series of National Bureau of Standards Handbooks. These Handbooks give the recommended maximum permissible dose limits for various conditions of exposure and set forth practical methods for working within these limits. It is the responsibility of industry to 1. Follow these recommendations of the NCRPM.
2. Reduce all exposures to the lowest practicable level.
3. Evaluate the use of radiation in terms of hazard to employees, 12 customers and the general public. 4. Provide sufficient monitoring and inspections to demonstrate and promote conformance to accepted standards.
5. Maintain good records on personnel exposure, disposition of radioactive material, accidents and unusual incidents.
6. Arrange to have specialized medical assistance available for accident and emergency situations.
7. Keep interested parties informed of the potential hazards and the exposures received.
In order to carry out these responsibilities, industry has usually found it necessary to rely on the advice of a competent radiation protection specialist (now called a health physicist) either employed full-time or as a part-time consultant. The amount of help required from the health physicist is dependent on the size and complexity of the radiation work program and the extent to which industrial hygienists, safety engineers, and other specialists can participate in the work. As a very general guide, one health physicist per 40 radiation workers should usually be adequate for an organization already having a well-run safety program. Of course the competence of the health physicist is of the utmost importance and, up until now, has been difficult to ascertain. A new international organization, The Health Physics Society, is currently drawing up a procedure to certify competent people in the field, and this procedure is expected to be in effect by late Summer.
Radiation Protection Laws and Codes-A Caution
During the last two or three years there has been a definite trend toward the development of strong radiation protection laws and codes, particular! y at the state level. As of March 1, 1958, seven states had approved detailed performance codes and 23 other states had adopted some radiation protection rules. Already this year at least 27 bills have been introduced into the legislative sessions of 10 states and a number of agency proposals not requiring legislation are under study. The review and analysis of these laws and codes is a vast subject which I do not propose to discuss here. I would like to point out, however, that we must not rely on such regulatory actions by government to solve the problems of radiation protection. The mere adoption of a law or performance code will not, in itself, provide protection to any individual or group. At best such regulations can set only minimum standards and proper enforcement of these may be a burden to the taxpayers. There is no question that some regulatory action is necessary, but this does not relieve industry of its basic responsibility to operate its plants in conformance to the best known practices for safety.
Conclusion
Radiation is already established as a valuable industrial tool, and it is likely to be used more extensively in the years ahead. While the potential number of hazardous situations will grow in proportion to the number of new facilities, the complexity of the hazards will not change to any great extent. Industry has learned to deal effectively with these hazards and must continue to accept the full responsibility for radiation control. If industry does its job properly, radiation will continue to be an efficient industrial tool and its use will be attended with maximum safety to all concerned.
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